Background-Ultrasound measurement of gastric emptying has potential advantages over scintigraphy, but there is little information about its accuracy. Aims-The relation between ultrasonographic measurements of antral area and (a) scintigraphic measurements of gastric emptying and intragastric distribution of liquids (b) postprandial satiation, were evaluated. Subjects-Seven normal volunteers were studied. Method-Each subject drank 75 g dextrose dissolved in 350 ml of water (300 kcal) or beef soup (20 kcal) , both labelled with technetium-99m sulphur colloid on separate days and had measurement of gastric emptying by scintigraphy and ultrasound. Results-Scintigraphic and ultrasound 50% emptying times (T50s) were comparable and longer (p<0*001) for dextrose than soup mean (SEM) (dextrose 107 (16) min v 108 (18) 17 Using ultrasound, gastric emptying has characteristically been assessed by measurement of changes in antral cross sectional area18 19 or diameter.12 20 The rate at which antral diameter decreases from the maximum achieved soon after a drink correlates with gastric emptying measured scintigraphically.'1 13 14 It is, however, uncertain why gastric emptying of liquids should be related to changes in antral area. In particular, emptying of liquids is dependent on the relation between motor events in the proximal stomach, antrum, pylorus, and small intestine, rather than the motor function of the proximal stomach alone.27 Antral width reflects the interplay ofpassive and active forces favouring distension (including intragastric volume, gravity, and fundic tone) and resistance to distension occurring as a result of muscular contractions. It is therefore potentially both a determinant of, and determined by, the content of the distal stomach. The factors that regulate emptying differ fundamentally between nutrient and non-nutrient liquids2 -feedback from small intestinal luminal receptors predominates in the control of nutrient containing liquids,2' 22 whereas gravity and intragastric volume are important determinants of emptying of isotonic liquids, which empty faster from the stomach than nutrient containing liquids.2 23 24 While the observed relation between ultrasound measurements of antral area and gastric emptying' 1 13 14 suggests that the distal stomach, and in particular antral 'tone', has a role in regulating gastric emptying of liquids, gastric emptying of liquids is known to correlate with the content of the proximal stomach and not that of the distal stomach measured scintigraphically -that is, the proximal stomach usually 'empties' in parallel with the total stomach, whereas the distal stomach content initially increases and subsequently decreases.7 22 However, the possibility that there is a relation between emptying from the total stomach and the rate at which the antral content decreases -that is, antral content expressed as a percentage of its maximum, rather than the maximum content of the total stomach, has not been evaluated. We total, proximal, and distal stomach (representing % retention over time) were derived. Several parameters were obtained from the curves for subsequent statistical analysis. For the total, proximal, and distal stomach the retention of isotope every five minutes until 60 minutes (expressed as the % of maximum counts in the total stomach) were derived. For the dextrose drink, which emptied more slowly than the soup, the amount remaining in each of these regions was also calculated every 10 minutes between 60-180 minutes. The content of the distal stomach was also expressed as a percentage of its maximum. For the total stomach the lag phase before any liquid had left the stomach, and the 50% emptying time (T50) were also calculated. The lag phase was determined visually by the frame preceding that in which activity was first seen in the proximal small intestine.6
Ultrasound measurement of antral area Measurements of antral area were performed using a Diasonic DRF 400 Ultrasound Machine with a 5 MHz sector transducer and real time images were stored on a video recorder. While the subject was seated with his or her back against the gammacamera, the ultrasound transducer was positioned in the region of the umbilicus. For evaluation of antral area, the transducer was positioned vertically to visualise the antrum in cross section with the superior mesenteric vein and the abdominal aorta in a longitudinal section.12 19 Antral area was measured using a built in calliper and calculation programme. 19 The first measurement was performed within one minute after meal ingestion and was followed by images at five minute intervals for the first hour and 10 minute intervals thereafter, until (Fig 2) and the overall scintigraphic and ultrasound curves for total stomach emptying were comparable. As assessed by ultrasound, emptying of dextrose was faster (p<005) at 15 minutes (Fig 2) . There was a close correlation between the scintigraphic total stomach T50 and ultrasound T50 for both dextrose (r=0.94, p<0O005) and soup (r=0.97, p<0001) (Fig  3) . For the T50 the limits of agreement were +5-7 min (24%) and -7.9 min (-41%) for the soup (mean difference -1-1 min) and +32.5 min (30%) and -30.7 min (-31%) for There was a poor relation between ultrasound measurements of antral area and scintigraphic measurements of the content of the distal stomach when the latter was expressed as a percentage of the maximum total stomach content (Fig 4) . However, when the scintigraphic content of the distal stomach was expressed as a percentage of the maximum content of the distal stomach, rather than the total stomach, there was a much closer concordance (Fig 4) , so that the time for the distal stomach content, measured scintigraphically to decrease to 50% of maximum correlated closely with the ultrasound T50 for both dextrose (r=095, p<0005) and soup (r=0.99, p<00001) (Fig 5) .
Hunger andfullness At 15 minutes hunger had decreased (p<005) and fullness increased (p<005) after ingestion of both dextrose and soup (Fig 6) . Hunger tended to be less and fullness greater after dextrose than soup, but these differences were not significant. There were significant inverse relations between scores for hunger and fullness at 15 minutes (r=-0-75, p<005), 30 minutes (r=-0 77, p<0 05), and 45 minutes (r= -0 75, p<0 05) for soup, but not dextrose.
/,'
Relations between hunger, fullness, and gastric */*-emptying ,/ There was no significant relation between postprandial hunger and scintigraphic or ultrasound measurements of gastric emptying for either soup or dextrose. In contrast, for dextrose but not soup, the score for fullness at 15 minutes was closely related to the magni-60 90 120 150 1I0 tude of the postprandial increase in antral area measured by ultrasound (r=0.92, p<0.01) (Fig 7) . At 60 minutes fullness was related to the distal stomach measured the content of the distal stomach measured of the distal stomach) for scintigraphically (r=0.75, p<0-05) but not to total stomach emptying. In normal subjects, perception of gastric dismeasured by scintigraphy. These discrepancies tension is influenced by gastric tone,36 and are probably attributable to differences in the postprandial sensations of hunger and fullness techniques used to measure gastric emptying are probably related to intragastric volume, ultrasonographically, as the scintigraphic tech-gastric muscle tension, and feedback from niques were similar in each study. There was small intestinal nutrient receptors.202436 no such discrepancy in our study and the ultra-Ingestion of both the low and high nutrient sonographic method used has been shown to drinks resulted in a decrease in hunger and have low interobserver variability.32 33 Previous increase in fullness. The finding of a direct studies have shown that the intraindividual relation between fullness and the retention of variation in gastric emptying of liquids in the drink in the antrum is consistent with the normal subjects is relatively large.22 This was concept that fullness is related to antral distenconfirmed in our study in that the ranges for sion.20 In previous studies in which an identigastric emptying (50% emptying time) were cal meat soup drink was given to patients with 13-44 minutes for soup and 37-177 minutes functional dyspepsia, postprandial symptoms and antral area were greater in the patients when compared with healthy controls.'828 It has also been shown that intragastic meal distribution is frequently abnormal in patients with non-ulcer dyspepsia.29 37 In normal subjects gastric distension and small intestinal nutrient stimulation have additive effects to induce nausea36 and it is probable that both of these mechanisms are important in the aetiology of postprandial symptoms in normal subjects.
